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Percutaneous 5 ectiode v ay cRoss Rererence 1o [N

- RELATED APPLI CATI ONS [00011 This is a
continuation-in-part of U S. Application No. 166166+
09/ 756,999, filed January 8, 2001, now U.S. Patent
No. , which cl ai ms Riduthbdué Hl&tiske §rra)pr ovi si onal
application no. 60/175,003, filed on January 7, 2000
and also to U. S. provisional. application no.

607183, 258, LRAS RipEEgI¢R Y LA?@Q?«PP?)?@R Ringhi ch

is hereby incorporated by reference eac of its

t eachi ngs and enbodi nents. FIELD OF THE | NVENTI ON
[0001902) TiThs is avenihhaionfiebat eSUSo Aaplietie No 0% Hera@pyfiled
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. apgma@@p?o 608 RexERAREPFeoTaEy | adeNFIcest 9f is hereby
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energy to the body of human ~ patient to provide a

therapeutic effect. The t herapeutic effects produced
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endor phins or other opiate- I|ke analogs relief from
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electric field into ti ssue beneath the skln

El ect ro-t her apy (Hggéhggﬁ) gﬁg% atlon does
not i nclude eleéﬁﬁ 8¥ ﬁ#v

i ont ophoresi s, or any other process in mhlch

el ectrical energy such as _an electrical field

[080Yctric Eéwrpéh%rgmaus éheppplicatign ofylenttab energy tpﬁhae?éoaé fpuman
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ot%g}"qp%:té -fife &Haﬁ)%‘sl erehe[fqggl‘]ﬂeag%qcﬁg 48, 1“1'@55@83’&58@{]9\9' ih¥reases in the
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process in which electrical energy such as an electrical field or electric currents are used to

promote the transdermal transportation of chemicals or fluids into or out of the body. Nor
does it include electrosurgery where radiofrequency electrical energy 1s used to cut or
cauterize tissue.

[0004] Electro-therapy typically employs a non-invasive technique to introduce the
electrical energy into the patient’s body. Disposable electrode pads are placed on the
epidermal surface of a patient and coupled to an electric generator. The generator supplies

two or more oscillating or complex morphology electric currents to a patient, with
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*@00002* respective selected el ectrode pads separat ed

fromone another on the patient's body with a pain

site | ocated between the el ectrode pads with the

majority of the electric field positioned

per pendi cul ar to each skin surface on which the pads
resnssiveseleqtpd elasteade pads sepirated framipag another o (g watier!’ sgfodywith a

paln{eﬁt%tloc%‘%g%(et\x;ee}ftﬁe A o néafdg Gieh %ek}){alggr'f‘t e el e@ecﬁ‘?t éelci_gosmoned

up to about 250 Hz each ot he non- 11 near
peasnilignlanto eag sken furfaee ormyhic)h theasdamsidor Thyt dlentric currents have

fr%u%?cﬁggs%glgg st Q[%ouyl ?&-fdi ang dg’t‘f gt’oy A Rtt18as fl Ilﬁl u %o Cbaou§ §5Q0 A,

epen quency
fraro learmmotidr. Al r@sdmemnmuasfmen@ fé)ﬁdmbmbmaéshmﬂhe oﬂnﬂd ]

al.o et ween mto produce er.apeutjc
eGP AR MR Rar AR iRelt PR afing o ARGehdef
frepeidyasdnaRGn 5 uslume @f dishié eureduaéing aedbepBgah @ RV it

|saéhe£Paet|clowfre enc emvalgtqltoabet

batyean s {p 15pduch @ tagrapsuiicetisch o mirRe i ST at e

synth@sitddSsabeani @m&r{%etﬁ"éQue‘hKl'eﬂ bl WHiBlY is@eh&apduaE BREHEduency
effect, electrical signals applied to the body nust
equeieabion hepldreamercyof disignalSedance of the skin.

[0BbICt i Caly oidIPRIRAGEd e BsHE BBREINOdkid B pibdiBe & Hl@ltapeutlc

imts the anount of current that can pass through
effdet elpkirnal signalsapplidddg ghe bofly mivet oykiceme theeelestrical impedance of the

sk‘fr? r%‘l Elatl lnﬁpé?ﬂl‘?c% SR gﬁ)&)ﬁmggﬂﬁe ﬁéﬂl apl%ftssth?%ﬁ%%t é)g %%rree.nt that

to the ctrica
cdﬁm,ass thwualmtheslnnn Toatop lmzv ef m skinpphalsiratian vwmc:hn,eixmem:p of

' de[ad é g%r sdarntgré{%h% ntds quSk“béglﬁh € ert%fégllm?ée Oatnf:,| rysléf'ac{ skin can
_ ha[v@ﬁ(ﬁ%&ﬁhdamaﬂ&cl"dﬁhéedﬂ anandredthouded bhiras.| Bt carefully prepared skin,
contamn tiss ue h een. per f or
T e e R P e i Pl
- déitali1¥n &¢ asitaniahte Ot SSue bixbebh perfoained, ahidrevhe tpodkems mﬁfabtyhas
Iarge vol tage woul d be nece ry to gvercaq th in
byerRRIRasd decta St H%Véaalmeffiéfl%ﬁp@mrc% U ms ﬁﬁt?ﬁﬁ““a“y
120e IR Whid@be FdeessBRtto bidredtadthb ey irhpsshSand BRCe a
rel ativel y large anmount, of energy required limts the

therapeiicalby Usefuramppriof glegiiieal spirent JEprghaogy tisugs: che relatively
la? VRSl &yenp@&tr%’uirgé hﬁl?tg]thl%%n'}éﬁﬁ%f kAR h pAeSHIL E&Eﬁkdr)ﬂewce

ectrical cufrents may travel across or just DBeneath
pO\h@ed;bu‘bai@eeSQ?ﬂbﬁmeedskl n, further reducing the anount

[G006 sef u'A&Htrl %ﬂ a%cg}/c'a? grel:xtg ﬁg %ﬁvél acro & usI I%rfef'ath the surface

eakage durrent 4rises from it vari ous
ofthe skin afindhe aedukingitle dnint @fngefubcfurrfeneqmdcﬂ tesbody hsstiesc diis

PRt Sk B eSSBS Y g ofsomencis

tHat Cdpeetappifedwb body maittudes. Thbskin lagers tontdbute elttritdl (Impacﬂ:ance and
thus requiri a |l argﬁr ovver %ur C%Pto co.ggens

rstsHVE FPTTHSIMTEN 24T B RATCH I EREY IOF i RV BAE £ T ower

shir &b icBRperdse GorlthSieaicard c Gradnt, Shirdebr ﬂﬁntﬁa‘r@‘rﬁueﬁyﬂﬁetlm\e ot her
unrel ated fields have determ ned wa gﬂre uce sk

9007k danc eBiomsflicasidinssondyiied 4t o5 inkalard eeldt prre degmyped ways
tredhde! sﬁﬁrlm'ﬂb&aﬁlg’e. For example, one study involved the use of a silicon micro-

needle array to evaluate large-molecule transportation properties of the array/skin interface
(See Henry, S. et al., “Microfabricated Microneedles: A Novel Approach to Transdermal
Drug Delivery,” 87 J. Pharm. Sci. 922-925 (1998)). A micro-needle array is an array of

small injection needles having a limited length so that a sufficient quantity of drugs can be
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needl e array to evaluate | arge-nolecul e.transportation

.properties of the array/skin interface (See Henry, S.

et al., "Mcrofabricated M croneedl es: A Novel

Approach to Transdernal Drug Delivery," 87 J. Pharm _

- Sci. 922-925 é1998) \ mi cro-needle array is an array

~ injestted thonghthe pgedles indh hﬁé@m %h%‘émeﬁ@w&lﬂapﬁ% BN perseived ‘svothe

pat‘iéﬁ@gs »@1t1§5’§t§ﬁ&éﬁ'@ﬁ§ecﬁ&@ﬁgeﬂfey \Q)flurf?é'e%s&%@d BR sersalitd S Ridro-
hough the needles into the skin, wthout the

: nefait@:@rqyangzrtm P &ping parlee fovaltixipg apleee ofjapd térﬁlne . wWhihstedy

sh AR MU SfiLaRAGEEd o YOIHBLRRS sl plddeg (he

“sensa 0 mcro ed array insertion as bei

. [0GO8i | ar Inaanafhbr studyy amanpayeafesiledr or aqb@r woh sieer skllonde éﬁateé spikes

B R, PRk G T Bt s S o

elegtricdlyactiaify effth@lraif (Séd Geys, Pret al.,|“Chsrasteriatisn bf/MlIcromachmed

chI ride co ed as_el r r
Soiee D ERC e sy e Banet i Se0h FRNBRt Thgamey
wﬁ'aﬁﬂteﬂ't& e faChdadiol YheGhatiéli € Rbaikdt EEGSREVIT .1 Bit, arB.y veik used to
'Characterjzation_ of M cromachi ned

ovsﬁcetﬁsﬁlgmsasran@ B drdetect iy WeBkEER %?féncahg swzﬂrméﬁ@d by the
brag /- 604 (2002)). The array was applied to the
forehead of the patient to nonitor EEG act|V|ty The
(080 ay wa¥ asiisipng @ater@aﬂavg bAE gkflt?fi fopngedieamays n§d & gpgjunction
. ne! [ I
w&rﬁloﬂ@gﬁ dibsid J}? SUERbpdBC R Sk dofifesis 40 Bl SriPHAE Beda Ry

pat ‘ents have been
-aceplernte e@tniedrmqiecendﬂs éora:ddlalps taergempyel Hom) thebedyofFor exapipids

Gaé‘%get 0@ él@{d}eSI(SZ losg Fe a h 8 r86tj7gg’~%4é }s@uédo %t@rﬂh %‘”2310% 'a molded

use Srat e 1oni ze
orlvmdt @talslﬂlcemlcfcﬁﬁeﬁtbchntay Gxncdmblmzrtlon emh\ealanoﬁdecumrl tChthodtn:ﬁjlchrodes

X Gart.st e ose, in th

o e MR gisrieaesggna st B MR Ge bafhbe,
Ad@iisiady, the art8aisegdnasdciric fiBlde [cﬂremeea'jﬂlﬁd &'bnﬂye body for analysis by a

conbi hati o mi%¥ an anode and cat hode el ectrodes.
biplggicsletrctp ¥¥¥cel erated into the body due to the
(081! i ed &h eleétrdperaaeth, 8Rbrt phises oAdibhteleatial eyds at‘eh@pﬁéd ayhe cells

uses an electric field to renove fIU|gﬁ£ron1tp
caugipg Hs4FY ¥l tylrangienily Brcsgiedarous| The PBEFLAFLHS field h‘sadg““ed to
er{sPrQ:l-lQJt pérﬂlaﬁérﬁ ‘HﬁﬁlQ@QB Ald &ﬂ wﬁl%@i nd’? wWseRSDeY ethil. @sclose in their

e

ctric ds are agp ied to the cells causing the
pat@it b, 4\%,002 tssﬁetiroarSSPtem ¢yl 7bé@8r?én?$b?dofl9§theﬂ%tm§ﬁb¢ wgors using

. e P i £plibiPlo (REAGEAIE Hat
an dz!r?a orfh edflés ﬁﬂﬂ#ﬁ%&% %%rtgiﬁ?aeszﬁ)ptl t ne cause
eldat&pbmﬁen oﬁtht hguc cellydeveen 61e484dIG0 Z)mmgﬁtodﬁaat the tumor are
Se%ssﬂgrb n heeglg g?r?%rq‘p% rFr?e%ugl Fvétél?}?e’_%léc%gm reby increasing
their @atoduéctivn 1ﬁtbglﬁtaissueadeﬁs applied to the needl es that

cause el ectroporati n of e.cells betwee
RS s HrRRRREl B8 uft ofel SRR S uerly BRER Bt ue
aﬂ(ﬁro@%lgﬁle blreding ackiSsueen. Gﬁ'@ﬁﬂ%}ﬁ@wﬁlhm, Weteh:cﬂhhel energy is

el ectroporation, therehy increasi é%

delivered dutheipavent HrerahReretes shis PEbe per

electrical energy to the areas of the patient’s body that she wishes to cut. In order to

its the phy5101an to direct the

complete the electrical circuit, a return electrode is applied to the patient. The return
electrode employs a large surface area contacting the patient to reduce the current density
and prevent burning of the patient’s skin at the return electrode. For example, Fleenor et al.

disclose in their paterit number 6,544,258 issued April 8, 2003 a self-regulating and self-
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[00111 El ectrosurgery is the use of electrical radio
frequency energy to cut tissue and coagul ate bl eedi ng
during surgery. In such a procedure, the electrica
energy is delivered to the patient through a probe.

The probe pernmits the physician to direct the
lm&ahmg:d:leatmalllrgezabteglyn tlecttode paxi ed patidnt tiés&lopaltdnetnlb ofthbeatyduring
an Fet S W oci 0The a rrdesr ({rg t high

S Skeieal bRepT TP et R e e R e ind e
cutrbr@ dpaditiesahd teﬁherauee tikd) theedb§Grévefiengpmibmytumal ar ge

face onta tin he atlen to reduce the
8 ¢ ont BisRGPS: gpads, %ilga?%fpé PRk me igeldest Pweecfmﬁ Sufh 255
el&l?b(fhr(ﬂbmﬁﬁ@ (E@G&)r @’Eﬁhl@ﬁ&ﬁﬂgﬁ an a@étn&ﬁ @mu&or ELOELRAeRt wire,
disclose in their patent nunber 544,258 i ssued

ele&gw@lly 8°nn2@e§t°a?n§éq0frolw‘egmpafqdn\@lﬂaﬁ 8le§éq°frodea>ari| &Pt $xagiple,

cﬁdnee@te& &S alrsabeelm e H£t@nt%h%%f 26%, 6m9sue£mpéuos&t13 1987 a
i es-down on top of the pad during an electrosurgica

digposnbésinedical Tleetrsigad éb@t acludesgv oo slestsaritheelehtradagn eehductive
ad‘rl?s%\;e%,rlg%ﬁg]sn Elg n)we? WirkRad ﬂ%rb%h tﬁ%rﬁ%r %@ﬁlldés :{xgaggfg‘%f%e gel matnlx

preventing patien
beBVesg thedidam phfd:ss désssegradslart desigred fou mbmtmdg clattricdsignals

t d CGs
TN e WL

mmbaﬁnmkmm)&wemgctrlcalIy connected to an electrol yte

jSsposed.within the e|lectro examl e
(OR3P ot 1k bl it B APy i eir s e Witz can reduce
thém@&ﬁarﬁz 9f theskiad Feﬂex@iplbb@ﬁnﬂa?&t all 8i8dlogs irfith&ip psaktn@mber
ectrode i.ncludes two foam sheets

6 %%%%éﬁse o eebryapy 5%&8%3?%% glatesy! veerpuiferugharinediad r

eldcRves pl§ééﬂfoﬂci§essklﬂr bRhPpdichiUintoRRE td NEHARS célition the skin. The
electrolyte gel matrix between the foam sheets. These

reductien Hy IiEYICHee INCERsSTHR F0HHY fymanigs piqelesiricsiggalg jagd can
re@c@ %bcﬁ%utﬁyoit dhergh @l@ée@:ﬂﬁﬁr foh YecRéporariel iriR3erHREdnioBhoresis.

_ ﬁﬁ stimul ati on si s to a patent, such as In
[0814dct r o- Haelr afphe aljoge 1es”$remqes Provids @wh d¢vices e dgsignedHfar sensing

el@o?r?éaygl “al %e?ngltagéd%g thee&)%&b r b4 vtenﬁ?ge]?ﬂﬁég?cl%ﬁ]ﬁ]ceat[setg ll&.?eeoodgl,rbg for

I mpeda Kin r exanp
padfosuing skestrical sutgeiy oqciat body. rTlIhtrtﬁedevwes disczos@G Oy ittegafecknoes have
pthlggl(%ﬁarX?tenSt ngO el ItrrlceaF%IJog%t gsl € thgrlglesﬂ?%)lé H) &%gﬂ t

intendeinde; hbWe‘B:Ir ehetyaread)tldymgnndcfbt elemrottheramkl n. The
reduction in skin inpedance increases the ability to
nmoni tor bioelectric signals and can reduce the anount

of energy necessaﬂ'tyMtVQxR‘elcntmemwaNnm(DNor
transdermal - iontop 0014 Each t he above

hor e
lOPé?lerenceAspﬁstea@s% 03%%“%1% d‘éFlé eddes R BingBfrapenti

clS@RS BitkrePlo8Gldaintet sifd i ARl sody %F@f)ﬁteﬁfj T amf chfses b Plurality
del i vering pharnmaceuticals to the bod

ofrlactradamisgosEreites vdeh aginggated inipy tfteweld)ﬁlmy ther#esefercoming the
mﬂﬁaﬁt%?e%trf&ﬁa{pgﬁﬁge bis'th& Bete{ &flﬂawg & SRYRing Hl%%éla&?b' @ prepare the

racteristics and el ectrical propertles MhIC
smmsmfas@pmcabb en logtra-theiapy treaimenidddie as@spreﬁmhevmﬁludtswey

FeSodt %yerqg % 1% k%gp tfhg leg&o%%Hﬁlgrogt%[ilﬁgymserted into the epidermis during

the duration of the therapeutic treatment, and temperature and condition monitoring devices
to ensure proper treatment and enhance patient safety.
[0016] In one aspect, the present invention is directed to a percutaneous electrode

array for delivering therapeutic electrical energy to a patient, comprising: a substrate having
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SUMVARY OF THE | NVENTI ON [ 0015] A percut aneous

el ectrode array is disclosed for applying therapeutic
electrical energy to a treatnent site in the body of a
patient. The array conprises a plurality of electrode
‘mcrostructures which are inserted into the epidermns,
T atdededyd ahoetoooside) gnd hplurailitmefremmro&seacﬂrhawéig a'pmpecialngd, a

.of t t Ki b t
i o ¥k For2ie Rreafifi b R S5t S RS P 8RPR R ani
whekdatdeh etectrJdbas attdchyd @rtl&f top aldk Wf thechbstiate; wheraid higsdlerodes
| ayer to _help ep the el ectrode m crostructures

ha}"h%@ltacl é‘HfarcﬁtaE?ato E‘Oéepﬁhﬁire APQRREHF e duration of

10617 t her apgidttiet adpeeidtt %‘lﬁeseﬁﬂﬁv&ﬁﬂ@@lﬁ@éléﬂtﬁd@s‘ﬁe substantially a
condition nonitori nggtEVI ces to ensure proper

cytipdes andpinve 4 ipnegier i €8 tpa0ireigiomeiFet y. [ 0016] In one

[06pect . h&omlpagat: dr méqﬁééeﬁ’tnn%%ugﬁ HRCEEGroHE Re substantially a
per cut aneous el ectrode ‘"array f del i vering

reqthregnlap pyreildepspasichaving i pais 9€ gy W edeﬁ paar ehwide sides, a top side and
rd i no; : i
o ORI, D iSO Lk BN DR il of o DR EE AL,
[081%r oxi min aretieer aa)ectohfshemrewntdnvmoaxhswme@rdﬂ haye a width of

to the distal end, and a |length along the
abgkl(t%bml%grenrgelr% each electrode is attached to the top

[0820Je of henoshedaspeat «f thapfreseat invdniien ahekhgthdEthe clravalea is

totalaé léigg:e area of nore than 0.2 square
bebysihilAed UINGEPMSn anot her aspect of the present

[obayent i oy addfiger QbR6t SRS STeRACInSEHRSH R lekthf the electrodes is -
cyli nder and have a di aneter of 20 to 250 m croneters.

bepoerrd PO prd Z{brkErmEdEPect of the present invention,

[0b25- €l ecly Qefer Ab R SR ﬁeéeh@hb%u@n tﬁ@%@naﬂlo%ach electrode is
paral | el epi ped having a pair of narrow sid a pair

ongfor woaeofstﬁ@eed angl pogpedsiodecilinig pla&ersettﬂraﬁﬁepde and
(0o8gr ei n h %d%é%s&bﬁ&ﬁhé"ﬁ%&nﬁn%ﬁﬁh e a)apoittﬁe relrodes is

m croneters. [0019] In another aspect of the present
parpendistiianie, the hé)smt@le sides have a width of about 200

t . :
[0% ronet §f §n IQiéF%]Ct %ﬂh?ﬂ%&?ﬁw@rﬁﬁﬁq Qils Bﬂﬁ% gltreﬁtgoglﬁé is angled

enti on, e electrodes is
bel@@:na:eq)eﬁdleulm arrdqx:reﬂlehs the[smbgt’a}e I n anot her aspect of

[(@gﬁv\greﬁs (I)éﬁ%eag%{) %t;the res g 1rng HQIOPO%EE%SEL'[Q%%&%%%SS als Hape-
ma&pgoﬁamﬁﬂmhe present |nvent|on t he distal end of
each electrode is or re of t hi d po
(GB35 ach | 1p AP I ReE RIS PTG QR FHIoD BB 851 sgrrTepne o
mBfRFEbp &l sehni@nBliRSiaRAteridl \satbh-Biktal fcbﬂp@)ﬂd&tﬂﬁleﬁsﬁ&el conductive
el ectrodes is per endlcular to the sub

Pelymeg earh@t alh)érﬁ%tané)ﬁ coUCtedRERCIPERIB RE] &ﬁ e&Oﬁ%dedR?tgAal
(07t he eligGhEREespdct oAREh@8knt invention, a temperature element is bonded

to the substrate.

[0028] In another aspect of the present invention, the temperature element is one of
a thermistor, a diode, a semiconductor junction, and a thermocouple.

[0029] In another aspect of the present invention, the array further comprises an
adhesion layer.

[0030] In another aspect of the present invention, the array further comprises a
plurality of voids that pass through the top side of the substrate to the bottom side; and an

adhesion layer comprising a bottom side, a top side, and a plurality of protrusions extending
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bet ween perpendi cul ar and parallel to the substrate.
[ 0025] In another aspect of the present invention, the
substrate conprises a shape- nmenory netal all oy.
[0026] In another aspect of the present invention, the
. electrodes conprise one or nore of doped
absenheopdides wheremttier topkide sf the adiresinseﬂzader catpaadh o, the bottom side

e Tl S AT
suﬁ&ﬂﬂ&hﬁ&ﬁaﬁﬁterlal [0027] I n anot her aspect of the
resent |nvention, nper at.ur e .el enent 3 bonqug)tq]
093¢ substyapether f‘s@scéaf tf}er?‘%fﬁ?}tlﬁ‘@Ft‘%‘é Héecet‘e%‘f’ tSF8tepY B Rihe
firkthéRAt $1QRe acfh@ﬁoﬁ RBEdel deh @ 5@ hRNBIM micfon@t@s of  a
therm stor, a diode, a semconductor junction, and a

[003%r noco Umn@thef e&mq]of e Pé‘??é@‘ﬁ%‘fen%\%fbélaft elegrogerchays & i) purface
ar arh‘f)gw ﬂh? Ryst Bf\ghtad' FiiaYadhtida 8 er ©PHAEAsEES sthre AANRBIAN

a er. I'n anot her aspect of the present
looment i ofn anott@r aspeelyf thermresent invsmpen, skesadiesion layesiopmprisss an

elic?&@ﬁ%g{)}%%%t §d{§)gglough the top side of the substrate

and an adhesion |ayer conprising
[0834)ot t omirsardher aspeapf shedweseninuveatiph, Wheaddhesrorpfayer comprises a

tending -5 above the top side; wherein
'e&ﬂgkidﬁag?zggﬁ?wfhe adhesion layer is attached to the

[0038]t om silWlgnotiad atphet f tiizgiresahicnvention, ttheadhegon lagérehanges color
pﬁﬁs Ihr?ﬂgg t he ¥o|ds to a first height above the top

asg ypetigp o IEHFOPFEPR: [ 0031] In another aspect of the

[opsgsent xRMer @shect dTehereseht inckasior XhenthyabaNe ctnh@nses a '
first helght of the adhesion |ayer between 150 and

cappciti toradte AisPosed o te borom e E theadisston lgyer ppbanflecdiss y

mktﬁ%ﬁl@tlé}gpdlsﬁ&@d 8h %Qﬁﬁéﬁfva?ﬁ%%@&ﬁéﬁﬁé a(ﬁl%lf)@pa?er area
above t'he first hei hesi on | ayer of at

[003Est O. @@mymr@swemfutmré%t infYSB]the ATAYTRE coBBPE £

esi on |layer conprises
e B L Dael - [00%d] n

[0838]t her ds pextherafpech élemr@sr@tnnvqnhqremdureﬁed torPepeEUkAESIUS N
el%&%ﬁg ar?%ni?)l: hglﬁl%nﬁlg t feleapﬂ}eﬁ@kélle%trfmdén%%y t@g Pgt'?ény %omLQQggE]a

n anot aspect~o present
substines havimg atpp lsxdc ladg bsttcx;romdqr, ands pb}rélulmf ¢1cmroc1¢s @d‘bhae/mg a

pr%g{]rlrg]]%r!ﬁcgﬁ%ls{# 8nc§ aJl a)lug errox%‘?arl) S&} tOQBC (ﬁllgtgl &y S}%r&tlength

rray nprises a capat
albh@!he aghs Spes&ml esoh eﬂd&&ocﬂtﬂt ‘amathsd '(d)&h@foptshle oadieeabscrate the

ARSE A0 Shecty Lealliv, Sl 8 LR et BER 8 o

total surface area of less than 0.2 square centimeters.

[0039] - In another aspect, the present invention is directed to an electrode for
delivering tﬁerapeutic electrical energy to a patient, comprising: a substrate having a first
side and a second side; an adhesion layer comprising a bottom side and a top side attached
to the ﬁrslt side of the substrate; a capacitive plate disposed on the bottom side of the
“adhesion layer; and an electrically insulating layer disposed on the capacitive plate opposite
the adhesion layer.

[0040] In another aspect, the present invention is directed to an electrode for
delivering therapeutic electrical energy to a patient, comprising: a substrate having a first

side and a second side; and a temperature element bonded to the substrate.



[0037] In another aspect of the present invention, the
array further conprises a tenperature el enent
embedded in the adhesion layer. [0038] In another
aspect, the present invention is directed to a
percut aneous electrode array for delivering
[0(I4hpr apeuli anothktleshédt,ahd presedr Giyertidnas &&tcteﬁntb a method of producing

r|S|n% %5 substrate haV|n31§] si de angH%

a PBE?P BPFAYS PHETOG AT ) YRt {yergha “88 P oyt B8P Ravi ng

peRutaRERNY ElRBkode Rftay Bavih$d lbsediel ancadplanulisy dffe®BrbdR from silicon
proximal end to the distal end, and a. len

using gerpigprRiucigp ithagraplug BIPCES L TErinEderiice ga%%ay flectmgmng thin
filhQRy& fifowtld btyhﬁck%mﬁé ﬂ@tneaste; BRid; %é’éﬁ% rsﬂtemhgsdn@ rolling a

surface area’of greater t han 14. square m lineters
pohymeric idm eforcing thel 84 HHY éleaeplwémld wrg RIesuEgte forgran| aEay

strhﬂﬁ"xré D% oS P a e SNl R4 Jﬁ rethQ§§1he s{}ua&%tfw th@%ﬁe; mold.

resent 1 nvention Is rected"to an electrode f
[0 i veri hganother mpecutouf &ewlrmmtnnmatlorer&@rrggxh@dnﬁlathprwlomnses

thegglgg%arogffs g%rr%yu %{%gs on(nﬁlvé &lgoo%mfeh f?&ctur% aﬁlﬁ d%?(glt% an

ayer conp
adiésile 1ayed omthieapugide attached to the flrst S|de of the

strate; a_.capaciti l ate di e n the. bottom
ofe o BirauEERDEs sk e Saph ity i e hel it Ry ol kes
polyisdth@inieft@ictyiyer di sposed on the capaC|t|ve pl at e

offloct . “EenogiEEBRt: o MAGRHEDH S . K DEAOY B comprises

spBlyRietdoRdlR il Omks Sietb iheasirubigre M@ hafRidhCsuRlb Red toif6@ a conductive
energy to a patient, conprising: a substrate having a
Copiitst side and a second side; and a tenperature

[O@A%ment BRI bel N tl%ﬂ?ésteﬁﬁﬁﬁ‘entloﬁ thORédhbd l‘d}th@%trﬂb%%es

ect t he resent invention is |rected to a net hod
SpeFy Vg SiEDIER 9Y Spnaccrﬁérls AR HBEY ED eXide Prepyecranfoate array structure; and

he%@ this Stntire {6&9%89&&8{%%1% Raher mol d of a

ut aneous ectrode array having a substrate and a
[opmr al i t yn edotleslr esperiorfélee Hressm igivéntionrthe metihag further comprises

fo?xglgx}g%%grqyucf gé %l)r/r{ (téqfﬁ?e&[ ﬁ'l%n{l Hus nlglco‘iﬁ b@/%lyalforr:ﬁﬂ)yop gpu@termg
procdsbeswath tbe_yarray(sluabtumnt o the master nold; heating,

[Oi)lgf]t e_ni ng.htaihogﬁjqr ﬂ%r%‘fsagtdg%%m 18 dlrectga tofaorglc gcgoft mtroducmg

m | nt ressu
thefapéitic efciridaltenergy t@ﬁdﬂy&ﬁ;@lds fiegla trEtEEmaritl‘sag’ bateauhahmpﬁadeand ofa

renovi ng. t he structu&i frog1the replica no Eﬁg % ¢
Patin i AYTRTENNEa BRSEINEAT { HECPREGRIAPP \‘/‘éﬁ?rf‘%sm% REBREERYE
ccfdﬁrghll'ée ko Sre8RYei fF&%nd &J&eﬁmgws BAOS 6&S arragsea‘wdagerdmhecrusal

forma carboni zed structure; and de %S|t|n
ela@fpélg iaray; IpagBonipmhthe Fiest srray en st p?reemeﬁ) the Hatéfﬁgf Pigfy and

p&tiinile i setcgllﬁi ﬁfa?%%r&tseéd?l\ﬂ%ﬁiog%f tHeHﬁhﬁ@*sW? §ufch fifkak me first and

“conprises met hacryl at e 0044 n anot her
s@gpbmay@ﬁretmstlpmeésp@ﬁhe iissvenf thopaticpt enc}ﬁbf«' ﬁsémeutr%tﬁ & located

b WIR tth st and second arrays; forming a therapeutic signal from said first and second

signals; and introducing the therapeutic signal through the first and second arrays.
BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 is a side view of a percutaneous electrode array;

[0049] Fig. 2 is a cross-sectional view of human skin;

-7 -



sprayi ng conductive inks onto the structure and
heating the structure to forma conductive coating.
[ 0045] In another aspect of the present invention, the
met hod further conprises spraying; dipping or spin
coating an indiumtin oxide precursor onto the array
[005D} uct ur Big. hisc sideaadw nfja péreutateouctlentrod¢ arréyorompaising an
_ dcond ctive filmcoating. [0046] In another aspect of
a‘Fﬁ@“E #&€&ent i nvention, the nethod further conprises

[00‘50[ m Ng BigCHA ﬁkmteixvmplfa'r}l amiglipérit 8 apercutahicons ¢ledrodx aidlsy
.evaporation sputteri . cesses onto the array

°°‘§‘P’F§]E$ ‘?Strftﬁﬁﬂtg]voldﬁ aﬁé\?ﬂ ﬁ‘g’%mgg [i’é‘%rt the present

[0052y€eNt | ORigl $B & 4 ©f VR dfQ ferdiinBOd etktrbdit 4§ d6r U3g with an

therapeutlc el ectrical energy to body tissues in a
-adbgsioRtl#¥eRt site beneath the epidermis of a patient,

[08BPr i Si P 3@hY I'ng&ﬁglcﬁrlirﬁbﬁg‘il[t@trﬁth%raﬂféyerﬂﬂﬁl@re%ﬂé&ment ofa
conprising: a signal generator configured to produce
pefcuiageoug slecedecaigy silghale and glsetrades;i r st and second

[0 (%%ﬁ cut an?%“? 1s £LEEYED g?ar?é %@t}’ode Ql?o%{rﬁtk Qﬂd E}ga&hlaﬁoxﬁ lagrélhavmg

ay on irst portion of the patient's body and
an1mgga®doﬂanWthbnE@mond array on a second portion of

[0 ;é? paLI % 5 1S aqkqumégghm}cgﬁtfoxlrﬂgas&ﬁ gf)t@ ?zﬁ)gcuai?ecgfqge capacitive

ays ar & position t1ssue
elanmahtst he treatnent site is | ocated between the first

d arrays; form t t .
88 "F v St Bt S0 ug o of Gl SRR frBlserR e sensing
eldrh@i:apeuti c signal through the first and second

arrays. BRI EF DESCRI, PTI ON OF THE 0048
085125 o ik OO LE HSEE OF 2 S e RS Joes Takschgs the

w&_Qﬁgkﬂﬁhguu%¥M§d§wﬁﬁ@§§ sectional view of human skin;
g 3 is a side view of a percutaneous
[0@$8dct r od 1@6 dt/2 BT diagrag OAAR SXEHRESY E)‘Ff’“rté’% meagusesshg
tellﬁr)&'atu%f'a% iABrate8 SRhidbnauiP pRlcignt of a percut aneous
ectrode array conprising a substrate with voids and
[085P]adhes iFigh 6Ca§ @ eircuitohaEpam pf gn exspipiagy girquishafinsasuses the

ode array for use with an adhesion
m E&%H&@?%Hgél &&thSCIIS a mechani cal draw ng

illustrating an exenpl ary enbodi nent of a

per cut aneousy et et PES BRAMORUGE TRURVERATBARC! T odes;

[0054] Fig I's a srde view of an el ec & substrat e
and an-adhesi on Iayer havi ng an |ntegrated capaC|t|ve

R 9925l S B SRR Gl o
therapeutic electrical signals to the body through a percutaneous electrode array. The array
éfﬁ'éiently delivers therapeutic electrical energy into the body provided by an electro-
therapy generator device. An electro-therapy genérator device suitable for the production of
such energy is described in U.S. patent application No. 09/756,999, entitled “Electro-
Therapy Method and Apparatus,” filed on January 8, 2001 (and identified by Pennie &
Edmonds attorney docket no. 9756-005-999), which is hereby incorporated by reference in
its entirety for each of its teachings and embodiments.

[0061] The configuration of a percutaneous electrode array is shown in Fig. 1. As
shown in Fig. 1, the array comprises a substrate 110 and a plurality of electrodes 120.
Electrodes 120 are attached to a top side of substrate 110. An electrical connection to the

array is made on the bottom side of substrate 110 and preferably the entire bottom surface
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el ement; [0056] Fig. 6 is a side view of an el ectrode
conprising an integrated thermal -sensing elenent;
[0057] Fig. 6Ais a circuit diagramof an exemplary .
circuit that nmeasures the tenperature of an
integrated therm stor; [0058] Fig. 6Bis a circuit
of theagrpmpodteated wnhmnlraulytmg matarial, fohetampéaswpem plésgc or fabric
COtenperature of an integrated sem conductor junction;
Te(5059] Fig. 6Cis a circuit diagramof an exenplary
[0682] CUi t PR&drablRaatH dectiolie 12(1 et au:feetaméula parallelepiped

t her nocoupl e T E | PTI E
a“f‘é‘@‘ée‘]al’rﬂ’é"rﬁ et tPﬂé‘-‘os g a“df’ §c738 acﬁwvglﬁ\%g"scf“f’%hly
cohgﬁse@@fé&hﬁdﬂ bOsonef Thd Jﬂ@tﬁ]aeﬂﬁu)tfleﬁhe@ leﬁﬁtfrdde(‘eﬂ{bo&ﬂn@ﬁﬁ;b@fefdbly

t he body through a gercut aneous el ectrode array

furgher SOMPIEses PG @ﬁmry proupdedsmangulas sud,peipted F‘Bci“f“? weﬂth or
AiENEEIY1 bhtLh tRexfRAY pRieI HEdwBsh Ao Ok RfidEmettRETr APY
generator device. An el ectro-therapy generator device
[06863] t abl eThetotal Herfase gteaof therelegtrodes i ute:%e &y efpalsghe area of each
S QESEL SREARd fudbe? of PRLRREs a%hea&ag&me Man. 9136 ZRE nRFoc targe

ectro- er apy Appar at us,

enbughad camy tharleatrigalgurr@Odtrgdanetl intbethe bédydy tbﬁyelﬁémnheraﬁy
s.attonn e . - i

ecFn Ry e P P8 g Bann e Rach B ocp e

suefahur@f ofiehch dlemolie nchpra;asdthe aizo o the mifssal tlb (aﬂﬁsﬂ:]eleﬂnede plus the

sugfg%galuaagrg tge e@ ctlxgp %tﬁ 8&%‘ :ﬂecépcge Eit leg{gghgéatl i§c’ inserted
in@QARPIKIS EFrefRrHUP o tafakeldctd dandfaae pleb Es%‘rtdt@t tiedin 0.2 square

el ectrodes 120. Electrodes 120 are attached to a top
ceptijelel§f substrate 110. An el ectrical connection to the

[086412Y | S ITRHRLhtd frefched LAt EmeR, BF tetalRidciredeulfdéd Ads less
preferably the entire bottom surtface -8 of the array

thans0.3 p@rasT¢BHME R Dirihg iB8rais hatg SHERGA G greates thagyd érﬂrﬁqém

mfhi ¥1§n TR 8skdré c&{duétﬁ%ra'r&a onl%VﬁBstraEé)iQQgﬂnbﬁﬁt‘?gﬁﬁlbﬁ% area of
each el ectrode 120 corprises a rectangul ar

thp alleqrddeii bpitpdy cugentdensetdl tathegkipr oxi mal end to the
[OﬁklﬁSt r-at eTheAh%cﬁf\Q %BﬁtX& Iaye'a o? ekl rg&gs soééﬁaljtg bhe total surface area

rably nprises a cy er or cone. The distal
ofethcdelerftrodei tllmes ae56% terdoctmnefmtmldhat@mouptSéOlethatibgtrodﬁ glemsay

s%%?%%rlg%v%ﬁli Brc]gr.?gsr 1nrcT:Io)rr(1jtf'eiﬂof thqhg 8 c&gst gn&ﬁb\ﬂ&?&“{gg{: (IZ B%dof the

el@dtﬁﬁé 6 Oh@th) Sand m[eef Iﬁfnﬂ?f yf éjmmemha@rd io c2fact Withrtherekdie (3% of
t al  sur f the el ectrod

oSS b Rho B IRSRBL e oL B SHE S D%

e i@ 1Rl AsbAteResty for dediioatérapy ddvicehi® 18sitlun 10Mhisliamps per

area nust be large -
square centimeter of contact area. One with skill in the art will recognize that several

different configurations can be employed in order to achieve the necessary effective contact
area needed to reduce the current density below the FDA limit. One way to increase the
area is to increase the length' L1 of each eiectrode 120 in the percutaneous electrode array,
i.e., the length in contact with the ionic environment of the body, in order to maximize the
area for electrical conduction. The maximum length is determined by observing the
structure of the skin in the human body. _

[0066] Fig. 2 illustrates a typical cross section of skin. The top layer of skin
disclosed in Fig. 2, the stratum corneum, is comprised mostly of dead skin cells. Other

layers beneath the stratum corneum include the stratum lucidum, stratum granulosum,
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enough to carry the electrical current introduced into

the body by the el ectro-therapy generator device,

while |imting the current density through the
~attached skin area.. The surface area of each

el ectrode conprises the area of the distal tip of the
strathre Gpinastien idube $thatum basafeadbesrfoa laleorage tdllectafeliatovpens the

length.of the electrode, L1..i.e.,the |enat [.S. 1
er R (1 PIRTn et Rerptpk o O ERR g Bl
als€ k&siihoftevas Uirfaiies vainsar lgnghagat esels. NAepefididg on tierlecation of the -

centjnmeters. [0Q6 In_an alternate preferr
SKiB AL SrERton HERGPET o6l BePKEan® BPPRRENarLdZp to 100ug. The

efftAIRD 1dhgh TEHBIEE QD0 isPRéferably betieeh 120 SrdbSI0NA, @ndA&Sred
surface area greater than 14.1 square, mllineter

preferebli A er | KANIIID MAGOARS P ATecisatss L0 Reaetaips into the
: o0 i ; ot L
ep@gxﬂemé,%ﬂ{ 4RO n¥ R ntAe tn@trvtgsf,]‘al‘?é ke_s, %%s%%%%?b@ﬂi@&eésblm trie

current density to e skin. | The effective.
effedsive dangtharfdlae dectrodes is prefaratdyladapfed tefigdpcation where thsragray 1s
r e f . . I 6 i .
BT R L
taiboued ta et chrtese whiiatescgrabing the clostralstarray tasucrestblbyiipansit to a

ioni c enyironnment £ 70%.of . t . ' :
pol o DL KGRy 5 LRAE Rebeath g
indeh®nok it peRlanedusteheetrodet anlay wirtaBy paihlesd. Ederebd@sproperti¢sef the

array). The d a u doi hi stration.(FDA
sk fefrs sgal 991?? {%?&Qb&hwﬁgy g[???%‘@f THEHE rilF ARy b3 Seh removed.
Fueth&gdord tﬁerkﬂ{aﬂﬂﬂarﬁ’&&ﬂf dF@schtelectrods1 20h atoul the Midnidteaa mP S typeoal
square centineter of cagntact area. e Wwth skill i
hupree Dl (VLT 16 SBIGHRCAE T bt sy o Wi Bt g cremea'by the
cl&8Yfid gurations can be enployed in order to achieve the
necessarééeffective contact area needed to reduce the

[0@@‘7;] r ent fig1atoy ab@loé\ﬁ)et’tfféi_ei:m arp pysferalhy @eWi({u.éar to substrate
1 1'8[1@{% %‘ga?%e taH%ed gét@/ged SerpeRdicRer SRSRrdReol (RNGbRrdd. Altering the

a ectrode 120 in the percutaneous el ectrode |
menhemigal prapegies of substrain it handfer glspiredss 19§ MAY erangepdhesion of the
onvi BNt of p . L 26 e b
O O ey Oy e P P b s
inclebstigtheedsiby alobg theplang of sibstrase i UL bafveenoflectrndesdR and the skin

the human body.. [ 006 H. Q. R | C -
ok e AR B0 T b LBl Py i
thell sxehpie &tiralyn 0Fiv@uldhe fidned stiorad insercion.nBiey airasy Wdnpreleedd, the
mostly ad s er.s _beneat h the

) of d kjn cells. her, - |
teHPTEIRRGH BLTIREALT ?irpc‘fv?l’j‘é f"trﬁee%cttﬁogfsulr%%lyaﬁﬁlf’%ﬁ?ﬁ St ratum
[@6GNUI 0SUfan aferfitiva priTereddi A diniengagay NEO sinipaisesn shape-
basal e. These five layers are coll ec}l vel kno%/n als lated
memery Beiplde BTnoth EheFANgEP R SRCEARIF S thrd 1EYfé‘ﬁrl?f iy gorrelate
witf sin h@YRE Rure 69 Q¥¥hudRioh BEd HBELELiRg oMbk Ghoy. AS Brr&HOITDENAWS from

nerves, arterieées, veins, or |lynphatic vessels.
suob pEtetialsgvand piséeratiy: expapthoiofonirag alogg ip esighptqdiaxis along the
condi L] ! fon bPEorRRESIR! Whild Fotce electrodes 120
't aﬁ? oXi rgrgstug%tgaqi&gj'ﬂg{g ggéanglr%n%T 0e effective (I:eeenca:trﬁ E(:)Sf
ladraipt agoietshd 80n.i s preferably between 120 and 500 um

[06})%9] fror e Electrodes 120 are preferably composed of material having good electrical
conductive properties, such as doped silicon, silicon-metal compounds, nickel/iron alloy,
stainless steel, conductive inks, an allotrope of carbon such as glassy carbon derived from
high carbon content polymer pyrolysis, conductive polymers, polymer/graphite or

polymer/metal composite blends, and other biocompatible metals. The materials also have
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preferably between 150 and 200 um so that the tip of

el ectrode 120 penetrates into the epiderms, but does

not reach any nerves, arteries, veins, or |ynphatic

vessels. The effective length of the electrodes is

preferably adapted to the | ocation where the array is
suffititrachead steamgtht to prdventdhnftacturonf electrodes ikhoskin. t Inithe prafgred
em?%grgﬁnqttﬁf% bod Th?eS teleeﬁtGr Cilr?leés%[%%eh is tailored to

., ena el ectrode array to
[00s0)cCESSTAH deyndnﬁtamed dbove tize dlpxansmdinSJOlﬁ gite g@wtanedw electrode array

epiderms. This, r 0|d of
arelﬂ&f%‘il?ﬁ small. nﬁ% d5ye elgﬂ%‘entloﬁ §lg?’tsfn3 %\" s(’earf)er cu gntg%ﬁréas
mi@b ekt enchiradal ¥ystdniabl MEMS. NVENLS, 1s'£hnmledlstsmllmry ﬁeld
properties of the ki n. hel ps seal. hol.es Ief& nd
enAoiPRTSHIEPIGERE S CHINC SPTIERHIOR R AP P HLIS IHRRES R Pﬁi?f‘éa iy,

lifdFddlehR AP HRchanltal &ipalcbrifh. armd @Bssqtelceamoﬁﬂnemtwaorée tdltAe,
about the dianmeter of a ty &lcal human hair,

deyelqprgent ofamigrarAndmapg-siged §TRc FFéF“‘&‘o‘iﬁl“&‘C@rst‘iW‘ir%FB%ﬁ“‘tt?fé and

biddf lcﬁeﬁ%t@ﬁ@;ﬁgnﬁyontﬁ@n eTRChERGRture ofl MR Perclitd el efictrode array
axes of ‘el’ectrodes 120 are preferably perpendicular to
embodigienigmay dravpon kuawlpdap from Bifgiadd) apdisqisasq! below.

[0(?7‘? L pendi ﬁwnaaﬁtell%ggve%éé{rl:@émﬁdﬁlﬁsl%ﬁ S%? ?Eir%x?eleé&oﬂ@sr daf8e

ani cal properties of e 110 and/or
magk @omm@sghl@@mn@mn@@r@ww rateh @nd pejgacryppifiije.t the

m:{tt%%ll isskflo%:ned 1&8 tk?é %&H Elgé%mgc%%lgﬁ Euﬁd?ﬁrggﬁﬁtﬂbeQQBOMSlng the

or mal ncreasi ng the tension
LIGlAcmgcetsh eLIp‘:IAama rmf:rombSUmgtmhllcm@g)blet\We@nXeh)ewﬂrabmel§ used in

th%%rﬂgltcltlg? Pglﬁ g1§ ﬁ%)rect erf%g%?e%psgl 1c{o|g§'%é’t\§r%% oﬂngi parts are tgplcally 2D

exfrPdddrigetallshapet, hJIuS 3B)S&tmines carbeayeaid@sing mlhlsjplbeess | dx thg process,
prior i nser.t V\hen arra 1 re e

s e B o SliEe: et byt g B BER B st api

mdid 6 @e@ionahketrBflica kidids liyO:ﬂ)ﬁ&ihplhﬁmgamnmltremvalt follewed by mckel

pr ef vl nwgc{ gg%otglcgr?ess Rﬁ (? H%l%/ orlg?:%)]aécgllcn‘g%lléiﬁags g%he mecﬁmmcal loads
otx&fme& atret SpoWmdritanabhiQYs tiestep bid wfabé@/arﬂﬁblﬂe&]l iafoedilm. The

wi th skin te erature by fornulatio rocessin
e PP HUAEZSAL TG TPl RO QLTPIIGHo GISE ARG ¢ Eaieiar o
e P& a8haR livhe BRG] theQEmp@RthFeal fedadeansd ﬂleqﬁé‘slslgﬁ @dnfed.

axis along the surface area of substrate 110%€l E
[08%¥ansi oPnse thegvrce aciorst: ot figd rbFQL & Tivedilatiegremicals

anid@b ?{e %s?ét it glagl% 'fl'ﬁ?lssfglld%ed%QQQ 880 Elaks maf@satkdthhafeao form
prefera osed mat eri al havin ood el ectrica
catloomahagd tmat&elap r"ﬂm@qeegfuﬁ@gmkggat @b@éd 1 g(? 8 itQ Bgrease conductivity by

foiqllgf Caogr}%po i Ocanhtageo rﬂ%l{ snﬁ'll%"z@ lof {ne Qféc@!}de@,Ythe reﬁtﬁbl@ |1(ﬁ§° §tra1n

Ive |n an allotrope of carbon such

px@baassyofctm MMndmlmedreﬁmombrehlwgh prodienn svaHtce meny msemon
ymer pyrolysis, conductive polyners,

cﬁgiyner/graphlte or polyner/ metal conposite bl ends,

[oang ot herinhh aheffiieipod ferr¢dpingtiogimehh @onductve imksara spyayed onto the

h -10_suf t sh t
e arey Gred BErrnens e e efEE e

Moderate heating to about 120 C increases both the conductivity and adhesmn of the

conductive film.
[0074] In another alternative preferred embodiment, indium tin oxide is applied to a

PMMA electrode array. A glycol-metal precursor of indium tin oxide is sprayed or spin-
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enbodi nent, the array conprises type 316 stainless
steel. [0070] As denonstrated above, the dinensions of
t he percutaneous el ectrode array are extremely small.
The devel opment of such small structures are known in .
the art as mcro electrical nmechanical systens, or
coapdMito tMEMBay adahen Heafed ite diopt 400&1@» frimed @Dndéﬁw@mspsiﬁmg
ctr nlc fabricati tion
I“df‘g% hﬂlo %goa PR/ h% sug%% Cg&%urc §91 }yﬁééé& %CI ences and
[oo7BE hani clalanetheri arlne&mtwrgpreféh'ed; embabmerftj apaymentileminiseset to form

ey s eb B S35 RTELh Shelh &) 0308 g8 oo

graphi@0faneiB#AiS idded soy;splesm-@ebuesosm rpndeﬂ'fhe fimanuitad4l mrcderfely
sone per cut aneous lgﬁ} ectrode arr

corgRIEHY o SEFRSA SR Tt SR SO 1 coBd A% LR Yepg i poor

unifYHdlin I sBffaRlcbfdueatity 6f thé aha rcbxﬂﬂos@tﬁﬁ@&dtd’fﬁhéma@b@ﬁésying of
carbon el ectrodes can be made fron1a h carb Q

theccorperite. pBeTg SRS Okiiie Holagleﬁf’?le?f‘eﬁﬁd’ Hlﬂ‘%; %1“8 APYF 9tk may

helHl@ redﬂ@é @l Rletdridud fd¥ed into the
cro-el etromechani cal structures descri bed above .
[007$i ng t hin anpthepelisFrsgize grefaqred,ampedigent, pyIe Mt isflgegodeposited

on aqﬁ%&:? Wdét‘@ riglh(ﬁaeefrordéhrﬁ(ﬁﬁh abje@hatly thS@btal Kis alchRiuctivity

product i on aspect ratio, precision
tmhmmn@QQmubﬂﬂﬁ@§knLlGA parts are typically 2D extruded

(ofF4al shapes alte{%ﬁ %Boﬁﬁﬁéﬁ?taﬂ %sﬁﬂ%ﬁ?is%ﬁ@&lttg%e"‘ﬂa?%

f's process I 0CESS,
inaeRatiedohdwnivisy of th@maysandgldb@n‘tMGrrdmpttm 811111 t Fﬂeg?' é\@htmes a

ocessi
ey aranereprdiig (R Hopdorin aitpb o TREF  AGR SR
sub§ieitd Fo| 4 plaraip) of dirggodest3n0 clnd @s adlebion l@exﬁﬁOO rIn g per&t@d
dependi ng_on the nechani .I orne b
PP BT 6 AT b ad 8 e (S B SRS LA egf Fty 200 b
debbdi@ngtmitetianto T thd laymdnshqaéuafaeajofagbatnagwlo fretweep klectendes 320,
Pressure is applied to orce mat e
orNFEIR 8 951 o e P S o TR sy S b Bident o
orleOBEKAL #ltBe &8 reduced and the pressure rennved
0072] Once the piece is s fired
(ODZBIcr 1 vo T SHOCa PG RHeEa Enbomerts” ¢ REF ALt Rgrode
arPlyAR4tiGcludLhhs® adh%sJJIQlaIyQtV\Mm’@)ép@[ﬁc&@ﬁ aﬁaﬂi) abeillustratgdan Fig. 3A
atmosphere to form carbonized nateri e is
coupriskied subsikasel3 Kk a abEity eadertiedssy %On%lrf’g‘ag%mb‘aﬁ% &’S{iu ey
ple%/ah cg\)g’cﬁ%4@ BRI 3 1. Qﬂﬁi%ﬁon Q9§ 380 id H6urtéiiola rédrzle of

ectrodes, the rel atlveg ow Strain
substopeBt( osl podtrudeethnaugh vpis 34 inubstisiced 8n i dhesiprelares §ao secures

thgﬁpeg{r §d0to ?1{ thlaIt,ra%fi é)?éﬁgréblg n_gt@ éﬁ {RRondu¥GoESE thé 9@&13&1 Llﬁnal into

ernative pre ment, conductive inks
tharbedys pEubgede M provides suep@tfqr@d!teesm ﬂ@yr ¥ ned froma

[@gé r at esﬁ%gBaieé)Pc?s z}/ t (l%xfag%?(?] ﬁé%fgrtggiggﬁ) atiby dhesmn layer

38@ MElg@tdded 320 aad droild Bé@ anararnalﬁged hrea gudpatigot. |Rrefefqblymarray 300 is
rr}agg%éf]mefl fargézgl{%gtrqu Hg t | Vfan%eg f /6 e(?ch%HJ?ooﬁjljomtvmds 340
and electrodes 320 within the area of v01ds 340. Electrodes 320 are bended upward so that
the major axis is in the desired direction, preferably normal to the surface of substrate 310.
[0080] Fig. 3C is a mechanical drawing depicting an exemplary embodiment of
percutaneous electrode array 300. The array comprises 3600 electrodes arranged in a

regular grid pattern of 60 by 60. The width W1 of each electrode is approximately 200 um.
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PWA el ectrode array. A glycol-netal precursor of
indiumtin oxide is sprayed or spin- -11 coated onto
the array and then heated to about 400C to form a
conductive filmcoating. Indiumtin oxide coatings
exhi bit superb conductivity properties. [0075] In

A d@natch&i oalaltceut &@ﬁ iy eeppratdsehe elactendpo dihesmdimensiys| rgsyyin a 5 cm

by S 5}% gagralgﬁ,s tro %E A sthgx%s e r?ge\\ﬁgodeg withi{tne 001@ raFe%%’efd?e they -

er or graphite powder
akaMt@N&ﬁhlte nano flber |s added to a pl astic

recursor . rende he f.i terl
050 0GRt e U IS L Rl IRIBF 21 Shbeonuncr
coR @R Gh ieWCtroee IMha nigiatund Mghtbﬁthp (hgdlrog&l rhayfeo i, isylimited by the

the surf d t
es L@ TRGTATe BREbEEt g <ol MoM BN Pt Pfeaed
emdOiEhet, tﬁehﬁray @J)Iﬂﬁxhsleﬁ a 69 MANKBIBk Sorﬂﬁctt\JRGgeUb)gt UhePzaﬂetype
driven of Y hel p to reduce thls
RS gy thg DR e XaRBE Haihe 4 BF HAFT DUDpERrG pafporae, rving

ouffip gﬁh nmtredlﬂ: @h@?&h@glvé snd®donahdtioe ﬁﬂ)@&itlta@@if th@@ela The use of
naster nol Ining the el ectrode structu

sugh @f ae-raabwld rteh@rm@maher ReRlies Vo pgfu df the Py 156‘@{%‘& {hey ghgp/array

m&g%n &Q%Qf e%”&thér%z Zi]terle@ At RENRBopERBMe g0 imp@fance
esi on ayer I's ad t'o the array to increase the

cag ool cdivivg tise t@fantunElleﬁmafyelmdn gy ipatiant anfbconpeniiatipgthe qurrent at

m%$?3¢?oggdp§n FH%EQ%%§§g§heS|onaﬁﬁpﬁgHsﬁﬁbg&hﬂQﬂ§330m

preferaplyi asiep:tedato prorbdd: araindic@idh tha the zmaazlw ncylocgeréwéﬂq— for bss-

[ngzqman uf z}% ? B? erre | ort])olha the Sfdlép§glacog{aa gﬁe%&%los Wat 1843% in

eSI on

thi 8t enat, &lﬂﬁﬁ ldSpcSEcEtbtdi@d’tér memacyka@ﬁh@ niayeriatigmesning thg electrode is
mat eri a rm.th r on he s rface t

oot b bR P ek S glo g UL RSCthe SHRSAAA e

Fora¥ ShpleBth€hjdbgaliniah have @yorB@aly clélrhgpearmmmlvdl_:,wn@l;i tigw into a
evident to one with sk

e 41T GRPHES B PrErETEgPUTEBUE e e "o sopdafiie of e

hRE S AP SO S oRH %Hraﬁgxeexpaé'tfr@meﬁlb(abgél mhydeﬂ 8nch color changes
adhesi on | ayer. Mre speC|f|ca

|
indicaiggbat shecaray peqds 4o begplaggshayt ‘i‘@é*}s/ﬂ ‘ate%t%&f 3«5@@0@%\% )

ccml Rldel Y¥nPhaeth® &k 4y0d 88 10326h stéHle. aphasitemate @y@érréﬁ?rﬁ)bodlment
a plurality of voids 340 in substrate 3

aﬂ@jh@@p)@mgehly@rcoglg antp diregs GoRtad Wity hymag élfm,sﬁ calémbcfal reaction would
og'cl{lg %[cﬁtcﬁa.%%gth@'agﬁpf)ﬂhé H §gél Ry @& ey Rigdsy 34Qiuk Bn the skin.

rate esl on yer 330 secures the
[aﬂsapt r odelntap aitmaatpmpr@fnmred ﬁﬁ@%ﬁ@ﬁeﬁﬂéﬂh‘iﬂ% I pra fgetode s

grteﬁ ;& (2 € 1?516%5@&555’ &Rl off @fthe te%p@ratﬁr@?s 19&@%m§ by

rovi support for adhesion |ayer
n{e@ﬁlmk tife @ectﬁdﬁl cippiitihnee of thoplhesiemlayér. &ig: é;dlss@@wdé? graponents

plication of adhesi Ia er r d
od Bheserpabmy s FHToa o - S Grr il coPRRs 3T A o gl
adhdsin 1%@943(Sandmpioat®¢etﬁmd 440 mvea:d $>51 eetnsmlfatlgg haiver|488s

Csatp:?celtlxvesptle?tgeﬁ(()j coanl;]lgjr{sgsr a seraaﬁpseegnénoo UoRdiGive mgt!elqgl %496 bottom side of
adhesion layer 430, thus forming an electrical capacitor comprising a dielectric (adhesion
layer 430) between two conductive plates (substrate 410 and plate 440). The capacitance of
the array capacitor is a function of both temperature and moisture content. An electrical

lead is connected to plate 440 for connection in a monitoring circuit. Insulating layer 450 is

coated over plate 440 to prevent plate 440 from electrically contacting the patient or others.
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and el ectrodes 320 within the area of voids 340.

El ectrodes 320 are bended upward so that the major
axis is in the desired direction, preferably normal to
the surface of substrate 310. [0080] Fig. 3Cis a

mechani cal draw ng depicting an exenpl ary enbodi nent
[0088] per Cutwarcbasnabue tapodianay arayve@cmowrmethaﬁﬁ ayn exemplary

ri ses. 0] |8k goo
CJrcu19 g}.eﬁsu églg ag?alyg;g}ggc gg 15&[1%&%?(%? - 2c egt%gl ? I‘S}é%éé s
comppprrsmgan'a)tf e:le;atu%dbwmss filters A10li 20 anprdr Gllowolfats somp&ars 530,
se ar es, the el des T i
5401 3,fhp r0 :%)bln%ryccronurgtr r%% icr &)%?glleg e’SH@ Q@S@rﬁﬁv ﬂg&d&h X/\BIOCk
580t h&tzﬂil@ﬁhtﬁs@dﬁsmgﬁaﬂ,m dOnipbmerN/ of ttle aigeas gbmefratedaby thley:lectaw-@lerapy

ge“Prggtépg‘g%“d{eé“rrg’e (‘)I%%Fle Ed;'l ?Jié)la etate;{pp@o i§ B uc{ﬁ%(4 8b9, enitled

‘Elﬁﬂgtmemfp ?Aanbdsahﬂciﬂpaiawse filddhen J’m{ﬂztryfﬂmm)el(gfdtldﬂfnfbﬂ] by
ro ayer

ST G BEDE I RELENS  ——

ofagggsmnllgyeaw@eferred enbodi ment the array conprises a
umthi ck conductive gel . Uni-Patch t

e . N
[008{(};63 B. Aubstrpse W@ggpaqtge 8 dr¢ @n{lﬁcéedatpra I‘X{)qlltgnng circuit
corﬁé@%ﬁ{g 160 E&%&% 51\@' !sio GNIRROS B, 820 Fe¥erdbly codfirist B%oﬁﬁﬁ@&hed

|ng t he adhesi ve and conducti ve fropert es of
capadiwr @ébrs thpi pasg getable sinverifial gignalr (CoynPREAATE S 1o g} dgteg! the zero

crosskrgrh;%% th%@&lbiees% ¥(91|d£1%gﬁmt %ﬁtphh?% tHE fe%feﬂc% { h)?é&qﬂec@éiort R8istor,

array ani ca ace is otherw se altered,
andathe mm@t@paameo&efednwomalamréﬁf) ads Bip-flampBlaribieh stggmcounter

|
560p érecr %ngﬁ%en % ggpléﬂlgan T rese rf‘ﬁ[! i 844 vxfh?c% s'td'ﬂ)g Cblﬂltér%%? High

r rént at "points
fre@ﬁﬁdy €16¢K F80tproviddsi dh@ktnlgelgnakstsmbmdtertﬁﬁo O\fhl(éll indrements the counter

um Adhesj.on | ref rabl
onssH G A U0 PR L MRy B R Dero
croSdthd. aNalceodoBirolles 870 rdatiiBe dounn amd t}herefeeerts Gxdlnarbﬁﬁil TiBﬁI gounter

thehdrogel tains materials wel
560 FatsU IR RS BT GHR BT P cPrenss St B imed PG i me
cut @R RO IPNNBe EdpacifIr eMitroetRitrbBer 590 Gﬂleﬂnm&ahsﬂﬁise kteft between the
hydrogel to sl ow y change co|10r as a #nct on of He 1
Slgé%léﬁéméb? BN, é&fech is pgical Y M e CAPRH BNy %eg"erfayr%ﬁ%achﬁr '

megsd?gﬁémllé 1}ﬁd§ﬂe§@ernt 8PRE FAINGEs ofibid tviiOsikdrdlst Mﬁcﬁroddﬂtrollﬁ 570
ark color after exposure to the_ atnosphe

compiisss rabpdrsilyo oy e Uitbpatalni I FEEAIIE SERTTAE 1t deBesi
caﬁ%%%ar&g %Sés%@ d ’famt@f 1 SlcheResMHALSMR nikveiogeal shithidisystem

ch color changes indicate that t he array
doweeds ntfazrnb@e negloithector confidtont Abe soibweads reayiresfthat apeciiic

pr bn 8 L r S Igg' &a%?ﬁ{aﬁgg 5366k AR ed BRind H8eRlobaMtibrS NO

an alternate preférred enbodi ment,
[oed6] er t hﬁlgwg (drsokgeés armeem:QﬁmanqhmeItﬂ pf @mlecér@ﬁf ERIEDTRE R
m_cal

Su@‘cﬁr&f‘?gﬁéé apﬂ & teé%;re(sa%ure sexgsh é eﬁ‘é}%én? B4 toosﬁﬁ ateWh'O.C Ahe element

ydroge out eavi ng any
cohPsibédwRe 0Na theemstor,n diodeGr88Her |scmannchllctoematmw end a
preferred enbo

an hes er {1 nd
nbmee IR A rRBH Totedined Hereri e P smal dpee
typiEd18hoAHbre@Wani .5 blteinttRiGRREA Tongpetasure Bkemﬂsﬁmgcdjyately measures
the temperature of substrate 610.
[0087] In an alternative preferred embodiment, an electrode comprising an adhesion

layer has temperature-sensing element 640 embedded in the adhesion layer to monitor the

integrity of the adhesion layer, for reasons stated above in the capacitance embodiment.
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nmeasuring the el ectrical capacitance of the adhesion

| ayer. Fig. 4 discloses the conponents of this

enbodi nent. As shown in Fig. 4, the el ectrode

conprises a substrate 410, an adhesion |ayer 430 and -

a capacitive plate 440 covered by an insulating |ayer
[008810. CapneiAtis weirpliadisgrdd 0f amammp%;s cmwtrt’aitlmeamrd:si the -

of coqguctlve materi al ,on the bot.tomside o adQe e
(PR SIPeTIEO G Y BRLT PEAN LR P 1€ s
emlS‘daEméri't Shéghitordl@h&€ 640 6 chadbres tdi)eﬂmohl&)tefg cir3fl) cdagiriaimga

two conducti ve pl ates ( ubstra Egqand ate 440?

voltppedividgniides sEetipp>0: f‘ﬂlsff% 13 I B on

 conVbrtd? @Y at EARRI Sdoktr 6116 B80. nﬂh@tlﬂér%60 @Nin@Ates aMcommon mode
electrical |ead is connected to Bl ate 44
noigeAspRsEAdonith ﬂsxe éeaﬁﬁfmbffbfmrﬁ thecisaant p40 *Pﬁ%fmnafel cwgg ciggHit The
resfieft citag® QQIB%%p@i‘ﬁ%lr 660l ati&s A4Qui@ioR e NN tebah@ret 4lhe
fromel éctri cal 'y contacting the patient or others. -
mon@om{g@@smq capiversuihe yolaga sigrelde abwapaysiie byneles - digiel |

corivE Wb anxyl%oﬁllrtérlng%ﬂcﬁ}(ﬁlml‘nacr ngésrrﬁlldfotcorﬁtRfllemWnQ g

array capacitance is I rated 1n .

sofivizas thei gvelsshebinBOGepresnehioseshaveltie smal |1rd@me|t@werature of

thelg I ow—pass filters 510, 520, a pair of |ow offset
@fparators 530, 540, a flip-flop 550, a binary

[0089UNt er FBR(B & amicniodiegtimoiflae exGmarardcet haigheasures the

fre cl oc 0. stablesms' | .si ,
te”&H?F?g‘H ﬁ%/ p?ffutfl%egu%%&ﬁ%ﬂﬁ Her’AtRd" eﬁb‘%gﬂ RLAAR
serfilcSfdut r bME@ay-degemm¢mﬂudWHMIodekCllhlsbGd)ddimelm element 640
detail in U S. nt a tian 09/ 756
cog el SeinsP s P BB B A R Rt i

that heBGr@RerdRatarelto 8 highQRekist@n dAd shewh i F1gd6Hthe jBadtiongs &
Ednonds attorney. docket no. 9756-005- 9 9

copRSiEt R HBOPIRIMELHALT PARRIISMEGTORRHESI B P %&7%6 S jgpertite

redif&3b, RUBRSITRE 6604 4P ardlid-t6 APAG Ednvertdr|6a eand 4Ghieoeontroller
Connect ed to a noni tOfI n%40| rcult coO r| S

636 Thersrestss Sumaos Krungtion 548 Yot e Srdpa s gt Siks b eon

648 ﬁqlo?ta%\% %Qﬁged &:?c‘%@fdnt:ﬁﬁn d4ol HBicB viiatwilgasction Snafetature.
Si nusol signal . nparators 530, 540, detect the
Tmcecl@tlonshlg betivregn thefjunckien ¥eltase andieRREBIERIS out put

I'ied dcf6n LT ’eﬂ@lﬁmcﬁ’m{/fjﬂ?ﬁgo@gaﬁﬁht%m%ﬁg|vﬂfeﬂ=f kis
OB the array capa tor. Reference conparator 530 sets

Bélizmnﬁ Is oqms&ﬁO(l 38 b dKar T & thoehselge tempeyatuggp degrees Kelvin, q
is @-t 6:2 X rgrb% atr%e 8@3&%&)0” %o%fb?nl{g kod 1 'th: Jo'ng%t@%hemf&&ce

ncy cl ock 580 provid
cuareﬁtJ, mk[ylrmgum gmahtlctrrnucremnst the s@@@tmmmnt %ﬁih@m%@dw@

i (,o‘gg is started. Counter 560 counts until

detvl‘fé %4ci (hrc?él‘ °QPlynal perfornms its zero crossing.

[obdgr ocontareiiifeee 68 Micreases thetjinesticm voltage broa tde61h lgvelsamtl sonverter

counter 560.. Thus, counter

ST EPERRe BT S P Rrael: AgeshbllE dshMEes the binary

reﬁ}llegé?@tloﬁﬂgdét&ﬂnn@ﬂﬂé aeaf teipératugdh t he CapaCI tor.
crocontrol |l er 570 determ es t he 1;{) ase. stlg ift V{ﬁe

009 si gAas §Cf1F6ﬁ1r‘f‘Hbd‘%%EFHt° a RieRIP1ATS ST AL B4 < uresf

te#@@raﬁ@@@ﬁ SRR eOs didterodd 4rdiy c@ﬂxﬁﬁﬁhg @thermbdosiple. In th1s
asurenent 1s independent of t Iltgdi of th

ershaqinats, tepereEFIeRet 04P compyises a thermocoupl

device comprising two dissimilar metals (e.g., platinum and rhodium) in electrical contact

¥ WO
thermocoup eilsa

with each other at a junction. The device generates an electromotive force correlated to the

temperature at the junction. The thermocouple requires compensation for the temperature
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conpri ses enbedded software that uses this information
"to determne if the change in capacitance represents
a fault state. If such a determination is made, it can
shut the system down and informthe user of the error
condition. The software requires that a specific
of tiprjohdtioes fafmtdectwhantedévicecamp dis coranacten g eadswdald-ainatech
duri system operation. [0086] Fig. 6 discloses a
CO”B’F’éSfaEgrf)ed enbodi ment of an el ectrode conprising a
[0083)bsSt r atT@e mbitarig drchie itetraedind s eSdontpritemeaniplifid0660, a
bonded .to substrate 610. The ement .. .conpri s one of
analp S i BT Res 601 G TiSFoOR RRleT S BPEGHDPE e
thedn&r?ggﬁc}jl@mv@&dp@ volth}R! s8R0 atp 680 cdriers PEEE Bihkgdepresentation, and
enbo

i ment, tenperature elenent 640 is _a snall device, |
then W‘Y‘?&q qnynlﬁ@cquoélelt eROses the finpnyyoltpgecyatnede determine the array’s

tem?@ﬁﬁ%. Mﬁl@ﬁe@%@@@&ﬁtai@ﬁge BEGEaAL &)lrréwoff@rﬁ§%re@§ct doliej unction
enperature of substrate 610. [0087] In an alternative

compeafatip eigcuitribsdp el knovhindheet r Bifesot¥itsyGo8iaHy adppkup table as
is vxgegbhglglag E}‘n tlhlﬁgbf% cdidert Hﬁmlgﬁ;ewe@éﬁﬁﬂ)ﬁ'o‘@ @heﬁh&%@ﬁ% v@ﬁ&e to

t he adhesion |layer to nonitor the
temppiadge.i ty of the adhesion | ayer, for reasons stated

[00 %ove .i rin&i!ﬂgeg%?éagﬁbtoaﬂ%%t Q;Jsﬁ@@himge;al%ux% :ng%%te%: hglsed as

is aci I 'agram 6f an exenplary circuit at
an iAok msthe ¢lectroktheepy adngraoraievige pepretattanepatisntetane harod df for

arra onpri sing.an jnteqr . therm star. ' .
sorg 5 Py e o s AR CR P e B i sttt v igher
ratdiBB tvoiild Agrmedllybiick perapa iefripagtuee-mooltéragepotiian afehe electro-

bridge circujt 65'Ot a di fferen%a}l anplifier. 660, an
thegp EBRETA S QA I5F €3] MISERVIS T A TSR B SUPHRERE ST | er
poB Bty SPbiirh o theffd) irgikdtidh N 8lesdetddied condiiehsmBEEsed Roinfem the

associated with the. | ead | en tp fromthe el enent 640 b
PRI HPOHBHIRST OGS Bith D16 e Hat e DS ERRES SGF FaR P GRine
adiRlh lof p18EenRBPoiMAE hes), Bso & theiestilBly@bus?s bByh increase in current

tenmperature. The nonitoring circuit converts the
densifyt age signal to a binary val ue by anal og-to-digital

[odd8vert ef Bd@Ber hdATRH: IR 18@roCthérgpy fenkrakihf @vice continuously
conprises mcrocontroller 680 having soffware that

“maggprsherimpedracepihe perpeprcaysecioie ATEr Heleyise {nglygesa warmning
inc@%@?hiéh@l&sttﬂ@o 5%%@1?&%@&9 §f RE ba¥utahddd8ectFdd8 array

a circuit diagramof an exenplary circuit that
is toe highy ediceting thatdhperaatshewd bé checknsras uerdgreduShendiseiphpeuld
o FRTRER LA S8 e sndhiatont
(LEDbodkinreeior mesdagheman igghd crygalplispty L&DY) apderdigrindication such as a

transi stor ,havi ng .a,.wel | -char.act.er.i ze u :
ook o AR B U AP PR L g
indib Q6 daf @6 B¢ ded tAmdRBWEOF conBitigns 68h a$ b éoseiarcdy, wipligged lead

connected to a nonitori n‘%%c.i rcuit .co rii%{n?‘gm%nitoﬁng signal, or

WiES ¥Rk PALIEIFS rTBITEING BFPEE B S 11814, THST'RE EHRE 4 F e T 8T or
ang%wr adteivpLorddien AL arap. anal og-to-digital converter

and a m crocontroller ) . :
[0096] While the invention has been described with reference to preferred
embodiments, it will be understood by those skilled in the art that various changes may be
made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt 2 particular
situation or material to the teachings of the invention without departing from the essential

scope thereof. Therefore, it is intended that the invention not be limited to the particular
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680. The current is supplied to junction 640 through
resistor 652 to forward bias junction 640. A voltage
is neasured across junction 640, which varies with
junction tenperature. The relationship between the
gynctlon vol tage and tenperature is: [00903 Vi uncti on
emBodntenys disqlorerl jpbithe OPY Made grriETBlated Serfhianvsatiu Prighatthe
mv@!\'ﬁl%ﬁ %wh inchude BAleh®BEBRRNE HIARS WARK tﬁelscgﬁa &t tﬂr@ a;%%ncﬂéd@alms
is the absolute tenperature in. degrees Kelvin,
the el ectron charge (1.601 x 10-19 coul onb), _IJunctlon
is the constant supplied reference current, and
Ijunction saturation current is the saturation current
of the sem conductor device (2 x 10-16 A for
silicon). 10091] Amplifier 660 increases the junction
voltage to a useful level and converter 670
transforns the signal into a binary representation.
M crocontroll er 680 uses the binary representation to
determ ne the array tenperature. [00921 Fig. 6Cis a
circuit diagramof an exenplary circuit that neasures
the tenperature of a percutaneous el ectrode array
conprising a thernocouple. In this enbodi nent, _
tenperature el enent 640 conprises a thernocouple. A
thernocouple is a device conprising two dissimlar
netals (e.g., platinumand rhodiunm in electrica
contact wth each other at a junction. The device
generates an el ectronotive force correlated to the
tenperature at the junction. The thernocouple requires
conpensation for the tenperature -15 of the junctions
formed between the device and its connecting | eads
(cold junction conpensation). [0093) The nonitoring
circuit illustrated in Fig. 6C conprises an anplifier
660, a analog-to-digital converter 670 and a
m crocontroller. Anplifier 660 anplifies thernocouple
640' s output voltage, converter 670 converts it to a
binary representation; and then software in
m crocontrol I er 680 uses the binary voltage value to
determine the array's tenperature. Anplifier 660
contai ns the necessary conponents to effect cold
junction conpensation circuitry as is well known in
the art. The software contains a | ookup table as is
well known in the art to convert the binary
representation of thernocouple voltage to
tenperature. [00941 . In a preferred enbodi nent, the
neasured tenperature paraneter is used as an
interlock in the electro-therapy generator device to
protect the patient fromharm If for sone reason the
array rises above 40 degrees Celsius, or ranps up in
tenperature at a higher rate than would normally be
expected, a tenperature-nonitoring portion of the
el ectro-
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t herapy generator device can interrupt its output,
thus lessening or elimnating the possibility of a
burn or thermal irritation. Such detected conditions LLOYD WISE
are used to informthe operator of potential problens
with the integrity of the percutaneous el ectrode

Aramie isadhesi on or placenent of the array, two
of the nost |i1kely causes of an increase in current
ensi ot h .oept . the .

- aah Bereh et e BRC R o BRI Braplfic pqrical emerey to 2

- - NDrpatieMitsedolysrisingoedance- of t he percut aneous el ectrode
array. The-device -includes-a-warning indicator which

al erts tha@syperaig avingie toptside andpdoitnmeidsf ande

per cut anequs. el.ectrode array . is too high, i|ndjcating )
Phat 't he. SHaaiG R ahturarias PrPaBib s 2 SR end,am axis

! nd! cator woul @lrorrpﬂ@ﬂréi&rngpéﬁdocﬁ ﬁwiﬁal%d,aan\& DMAgth along the axis,
i ndication, for exanple a blinking Iight emtting

di.ode (LED) omhereieeadhrelartedaigettahedito the tpp sldeofitsé abstrate;

di spl ay (LQEQ“ n udiﬁ i.ndication such as a beeping

sound, and'’& <R SFinofen haye p dofalsieaceEea0l mere thand)? square

produci ng devi e&inldi&si@igni Ng i ndi cator can al so be

used to indicate error conditions such as a | oose

array, unpthegge ehid ekeroddsiagselectvirally bitineéed esgeth#t b bdi@ substrate.

tenperature signal, mssing capacitance nonitoring

signal, or any other defective condition of the

rra ' the i.nvention has.bee escr.i bed

2 b e pRRL L1, Sl Pl W80 o0 e BR B S i and have

underdidreételr dF20 tdZEmisIdhdtexd. i N the art that various

changes may be nmade and equival ents may be

substituted for elenents thereof w thout departing

3. Ol Grrad PASCY, JHifeih ERLBRes ot Lo BIALLLIRY col Bl Yutar

nodi fications may be m eto a apt a par redl ar

Si t ugtaraiielepipetitiheiing al palsof N ok eRlel) alp@f odividdigdes, a top side and a

invention wthout departing fromthe essential scope '

t her SSftompfe g wherep the g gidetaue 3 Witdth0f 20 {orA>@ Figremeters.

not be limted to the particular -16 enbodi nents

di scl osed as the best node contenplated for this

4. nv erftheamay biitlaitd3) twheléin thewidla sideshavelal wid icofLa86utedod micrometers.

enbodi nents falling within the scope of the appended

clainms. -17 LLOYD WSE WHAT IS CLAIMED IS: 1. A

erc ecirqgde .ar,r for deliverin _

 Fher ArBarRY LB L e Hidos R G wllFideh b between 120 ana 500

conprrhisidagsters Substrate having a top side and a bottom

side; and a plurality of electrodes each having a

proxi mal end, a distal end, an axis fromthe proxim

6" d 't"l%etapr%y g)l‘ (“351%! 1,%“\%&6:1% r&ge lgngltﬁ gpé\'& e eclzt%‘]cgs 1isrbeetvf\J}()e(e_lnsl’SO and 200

micrometers. .

7. The array of claim 1, wherein the distal end of each electrode is one or more of

thinned and pointed to facilitate placement into skin.

8. The array of claim 1, wherein the axis of the electrodes is perpendicular to the

substrate.

18
AMENDED SHEET



wherein each electrode is attached to the top side of
the substrate; wherein the el ectrodes have a total
surface area of nore than 0.2 square centineters; angd.QyYyDWISE
wherein said el ectrodes are electrically connected
together by said substrate. 2. The array of claim1,
wherein the el ectrodes are substantially a cylinder
and have a diameter of 20 to 250 mcronmeters. 3. The
9.ar r alhegfiray|oficlaim 1, whereipithe ixieofehededtodesisangled between

substantial Ly a,rectangu] ar aral | el epi ped having a
pai rPgPe é?"ll%\ﬁ“gipaéél,eﬂg Jﬁ)%\?“\bsg‘ftew de sides, a top side
and a bottom side, and wherein the w de sides have a
width of 20 to 250 microneters. 4. The array of claim

108, \Vifteraray of hisimil dehaéifiese fubgrata corhplides ashairauema@fGnetal alloy.
mcronmeters. 5. The array of claim1l, wherein the
| ength of the electrodes is between 120 and 500
m cr . / l,ai . '

1 PPt g TPl B Bhogfooll ebyisBURE B gl ¥ doped
m cr epetdRidactor matefial, silitéh mefal Ednfpdiind, staifiRELdteel tcbRductive
di stal end of each electrode is one or nore of
t hi nprdyman earpen allattppeanidacioniuctive mstad eikhesin biltap dedsited
8. Thet array of claim1, wherein the axis of the
el ec¥75dds is perpendi cular to the substrate. 18
AMENDED SHEET LLOYD WSE 9. The array of claiml,
wherein the axis of the el ectrodes is angled between

1%ser pErecirmayl ddiclaim d, fpether dogiprisingtatemperbiire elementli@nddh® the
arra%_‘bof claim1l, wherein the substrate conprises a
shap -ﬁ%?fﬁ”ry netal alloy. 11. The array of claiml1,
wherein the el ectrodes conprise one or nore of doped
sem conductor material, silicon-netal conpound,

13t ai Fheemmaysif elaim 12 ovhdmecitithegtempetature element ib one of thermistor, a diode,

al | ot'rcr)zge nd a conduc(tii YP% net al lei ther in bulk or
depod TR s Frgion #8d aRRIMGEQURlE of ¢l aim 1, furt her

conprising a tenperature el enent bonded to the-
substrate. 13. The array of claim 12, wherein the
14. e npEhetrtayeof slagmd nfurther omeprisingt dnexdhesierolayera di ode, a
sem conductor junction, and a thernocouple.
15. The array of claim 1, further comprising:
' a plurality of voids that pass through the top side of the substrate to the .
bottom side; and
an adhesion layer comprising a bottom side, a top side, and a plurality of
protrusions extending above the top side; wherein the top side of the
adhesion layer is attached to the bottom side of the substrate, and the
protrusions péss through the voids to a first height above the top side

of the substrate.

16. The array of claim 15, wherein the electrodes extend above the first height of the

adhesion layer between 150 and 200 micrometers.
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14. The array of claim1, further conprising an

adhesion layer. 15. The array of claim1, further _
conprising: a plurality of voids that pass through theoyDWISE
top side of the substrate to the. bottom side; and an
adhesi on [ ayer conprising a bottom side, a top side,

d a ' . of ot rysi an xtendi n bove the . !
o el b cnlio, Bh e tBr SEToRes fve ~AARCSrBre 1 dhove the first
IS at heighad theadHagioR lykPsh 28 ledlst 00fsqhiie caithsdiéat e, and
the protrusions pass through the voids to a first

hei ght above the top side of the substrate. 16. The

ray | ai,m 15, .wherein, the el ectrodes extend aboye
B0 B R0t g P e e Fpeo s ecpwaly
and ZQQKm&@ﬁgqgﬁg@§, 19 AMENDED SHEET LLOYD W SE 17.
The array of claim 15, wherein the el ectrodes have a
total surface area above the first height of the

heskgn | a er of at least 0.2 square centjnmeters. 18.

e a %VT%?" Elandpshergindheadhesipp layen compaises aupaiovable medical
conpr i gRsivan electrically conductive hydrogel. 19.

The array of claim15, wherein the adhesion |ayer

conprises a renovabl e nedi cal adhesive. 20. The array

of claim 15, wherein the adhesion | ayer changes col or

& a Thertavo chim 1awhespin thadhesipolayer changesigelonss afyingfon of
clainh;gmn{&%ﬁgﬁg&conprising a capacitive plate
e bo

di sposed on 't ttom side of the adhesion |ayer and

an electrically insulating |ayer disposed on the

capacitive plate opposite the adhesion |layer. 22. The

&k r ay Thsrareqyaf glaim 15 ffurthereompoisipg ia saprgitive phatpdispased en the bottom

el emep edded. in the ,adhesi.on lLayer. 23. A
per cu Ig%g%ga%feé? ??ﬁé ang P%ge‘fstﬁfarﬁéi é’l"’]\(‘&?‘g ﬁad'e’ disposed on the
t her apgutitice ShRGUppbSiad the ReKS¥nlfen pati ent,

. conprising: a substrate having a top side and a bottom
side; and a plurality of electrodes each having a

oxi . di,st.al nd, an. axi.,s from the proxi | .
2.0 TR e Pl 8 b imp AR e EBE Sl i the

adhesion layer.

23. A percutaneous electrode array for deliverir;g therapeutic electrical energy to a
patient, comprising:

a substrate having a top side and a bottom side; and

a plurality of electrodes each having a proximal end, a distal end, an axis
from the proximal end to the distal end, and a length along the axis;

wherein each electrode attached to the top side of the substrate, the
substrate has a surface area of greater than 14.1 square millimeters
and the electrodes have a total surface area of less than 0.2 square
centimeters; and

wherein said electrodes are electrically connected together by said substrate. -

20
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wherei n each el ectrode attached to the top side of the
substrate, the substrate has a surface area of greater

than 14.1 square nmllineters and the el ectrodes have LLOYDWISE
a total surface area of less than 0.2 square

centinmeters; and wherein said el ectrodes are

| ect £} gx - er - Sal trate. 20..
N S P B b MBS M SR8 RS, conRiing
del i veri ng substrapBalinga flsesid¢ arabd seediel gle;t 0 a pati ent,
conprising: a substrate having a first side and a
second si d&-adhgsiopiREicomprisipg p beterm sidsiangd adomeide attached to the
side and a top ggid K\ %Chl?(éraEQ the first side of the

substrate; a capacﬁlve psFa‘cteedi sposed on the bottom

si de of t raecap@bﬁm&icfnae H2p&ded oAtk bMINELi8E b the 8likekion layer; and
i nsul ating | ayer disposed on the capacitive plate '
opposi t e anteiechishllyinswlatinglayer digposefian the capacuive plage opposite

el ectrode arraélPFgf cl.ai [‘? 1, further conprising: a
tenperature el eNet HSMAEE to the substrate. 26. A

nmet hod of producing a percutaneous el ectrode array
conprising: mcronmachining a master nold of a

er cufrerreomtarebecdlectde amrayayf dbmi Infurdner guiysdsirgg: e and a
plurality of electrodes fromsiljcon using

“sem condud 'BPPTRIR glement hondedtodbesubstrater eat i ng a

replica nold by electroplating thin filmsilver

foll owed by nickel onto the master nold; heating,

250f t e imethodaut gradulcinghgpecupleyiigbdléctrotit hithy Edfysidisigg: t he
filminto the replica nold usi ng pressure to forman
array . JSUFERaghisingatastesanqld gt @ RrcaipRenys elerirede aray having a
and renoving t re from.t I Jml d.. 27.

The net hod of Eﬁlésﬁltrah[e%g‘?%fpﬁ?rtakgrmg%ﬁ%‘?‘fegifrr? %?SIF%S el y
processi ng arr aymitehdictailithagrdphidpracessingoni zed

structure; and depositing an adhesive | ayer on the )

st r uct ur e.T2E"8 TREPlGR MektibYotlectiogiating ghin fifa siyes fqljpwed by nickel

pol yneric fil moﬁ%Ehﬁ?tﬁrﬁQid}’”Et hyl met hacryl ate.

heating, softening, and rolling a polymeric film;

forcing the film into the replica mold using pressure to form an array
 structure; and

cooling the array structure and removing the structure from the replica mold.

27. The method of claim 26, further comprising;:
| thermally processing array material to form a carbonized structure; and -

depositing an adhesive layer on the structure.

28. The method of claim 26, wherein the polymeric film comprises polymethyl
methacrylate.

. 29. The method of claim 26, further comprising spraying conductive inks onto the-

structure and heating the structure to form a conductive coating.

2Y
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29. The nethod of claim26, further conprising

sprayi ng conductive inks onto the structure and

heating the structure to forma conductive coating. 21LLOYDWISE
AVENDED SHEET LLOYD WSE 30. The net hod of claim 26,
further conprising: spraying, dipping or spin coating

an indiumtin oxide precursor onto the array

tru u&%&\oﬁrﬁgclgx%%% terr1e Hs‘t r.L{Icl:t_ure to forma

‘onddet rve Tid meoating < ST P et hod of cl ai m 26,
further coffRying|digpih bripid ccatif@ Bl el @nfoxld® precursor onto the
conprising 1ndiumtrn oxide by evaporation or
sputtering proveysdmichme;endhe array structure. 32. A

met hod of (i ntraducing therapeutic electrical energy to

body ti ssh%%mrg%‘easqur‘:g’é‘f f?efﬂfrﬁgf?'b‘fuﬁ% Cciaﬁ‘gg'epi derm s
of a patient, conprising: providing an
el ectro-therapy apparatus conprising: a signal
3geneMhe orethodnif cigiom 26) farthep cod pdsng forminganandectivedilm comprising
signals; and  a first and second percutaneous

el ec i taypdde by syaparation ergPuitering Rragesses PRip thp agay structure.
first portion of the patient's body and positioning

the second array on a second portion of the patient's
3pody A muthbd bhiatrolitiéing thefdpedticelstt@héehetyy tdb®dfR tiSsues in a treatment
positioned on the tissue of the patient, and the

t r easitpbrneathithe ¢pidergisefapaentyamPrishe: f i r st and second
arrays; form a therapeutic signal fromsaid first.

and secongmsvllcpglﬁ%ﬂ?le%ﬁod e’uam’ra‘B%’gﬁ“ﬁé"’{‘%’és‘%e'r apeutic

si gnal througha iBgalf Eﬁ&&toﬁ%ﬁ%ﬁfe@rﬂ@i ALY first arkPsecond signals; and
AVENDED SHEET Bea 8 P &n

3

a first and second percutaneous electrode array;

positioning the first array on a first portion of the patient's body and
positioning the second array on a second portion of the patient’s body
such that the first and second arrays are positioned on the tissue of the
patient, and the treatment site is located between the first and second
arrays; - |

forming a therapeutic signal from said first and second signals; and

introducing the therapeutic signal through the first and second arrays.
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